The aim of this study is to determine the frequency of quaternary ammonium compound-resistant genes, including qacA/B, qacC/D, qacE, qacDE1, qacG, qacJ, and b-lactamase genes, including bla CTX-M , bla TEM , bla SHV , bla OXA-23 , bla VIM , bla IMP , bla NDM and bla GIM in 51 isolates of carbapenem-resistant Acinetobacter baumannii collected over a period of 2 years and to determine the MIC of chlorhexidine and quaternary ammonium compound-based disinfectant benzalkonium chloride. The qac and bla genes were detected by the PCR method. The MICs were determined using the broth microdilution method. The MIC of benzalkonium chloride was in the range of 4 to 64 µg l À1 and chlorhexidine in the range of 4 to 64 µg l À1 . The qacDE1 gene was detected in 96.07 % (49/51) isolates and qacE in 31.37 % (16/51), qacG in 23.52 % (12/51) and qacA/B in 13.72 % (7/51). The qacC/D genes and qacJ were not found in any of these strains in this study. The frequency of bla genes was as follows: 84.31 % (43/51) for bla OXA-23 , 33.33 % (17/51) for bla TEM , 27.45 % (14/51) for bla VIM , 19.61 % (10/ 51) for bla SHV , 17.65 % (9/51) for bla NDM , 11.76 % (6/51) for bla GIM and 7.8 % (4/51) for the bla IMP . The bla CTX-M genes were negative in all the strains. From the study, we concluded that reduced susceptibility to the two disinfectants, as well as qac and bla genes, was prevalent among A. baumannii isolates from the hospital environment. This study may offer hospitals important information about the control of nosocomial infections caused by A. baumannii.
INTRODUCTION
The increasing threat of antibiotic resistance has been recognized as a serious public health issue and challenge in the treatment of clinical infection [1] . Acinetobacter baumannii, a predominant cause of nosocomial infection, can colonize and survive for a prolonged period under a wide range of environmental conditions, such as the air, skin, medical equipment system surfaces and sickrooms occupied by patients with A. baumannii infection or colonization [2, 3] . To prevent and control infections, disinfectants are frequently used in hospitals. However, the excessive use of disinfectants such as benzalkonium chloride (BC) and chlorhexidine (CLX) has imposed selective pressure on strains, which has led to a wide distribution of disinfectant resistance genes. Many disinfectant resistance genes have been confirmed in multidrug-resistant bacteria [4] , such as qacA/B, qacC/D, qacE, qacG and qacJ [5, 6] . he carriage of b-lactamase genes is very common in multidrug-resistant A. baumannii [7] .
Many of the quaternary ammonium compound (QAC) resistance genes are mobile genetic-borne elements, including qacA/B, qacC/D, qacE, qacED1, qacF, qacJ and qacG, while sugE(c), emrE, ydgE/ydgF and mdfA are known as chromosome-encoded genes conferring QAC resistance [8] [9] [10] . The gene qacA/B belongs to the major facilitator superfamily, whereas qacC to qacH are members of the small multidrug resistance family [11, 12] . The gene qacB is virtually identical with qacA, except for seven to nine bases that are hard to distinguish by simple PCR. The gene qacD is identical with qacC except for different promoter sequences. The gene qacED1 evolved from qacE. The presence of qacG was first reported in Staphylococcus haemolyticus clinical isolates. A study in France found that qacF displayed 67.8 % similarity to the qacE gene [12] . Production of b-lactamases, which hydrolyse the b-lactam ring, is the most common resistance mechanism b-lactam antibiotics in Gram-negative bacteria. The b-lactamase genes, which encode such resistance, can be plasmid borne or chromosome borne [13] . In addition, there are many reports showing genetic linkage between qac genes and antibiotic resistance, especially the b-lactam antibiotic resistance genes in opportunistic pathogens [14, 15] .
From the information above, we obtained a general overview of the qac and bla genes in A. baumannii in the hospital environment. Therefore, the main goals of this study were to determine the frequency of qac and b-lactamase genes in carbapenem-resistant A. baumannii isolated from the clinical environment, and the MIC of BC and CLX.
METHODS
Bacterial strains and multilocus sequence typing (MLST) A total of 51 carbapenem-resistant strains were obtained between 2014 and 2015 from four hospital environments, by sterilized cotton swabs applied to the culture media according to previous methods [2, 16, 17] . Species-specific identification was performed by 16S rRNA gene sequencing and then confirmed by the Vitek 2 system (bioM erieux). Among the 51 strains, 11 were from the sickroom 9 from surgical instrument surface 8 from hospital sewage, 7 from human skin 6 from washrooms 5 from the air 3 from ward doorknobs and 2 from elevator buttons. Hodge tests and Etests confirmed that those strains we carbapenemresistant.
To identify the sequence type (ST) of the carbapenem-resistant A. baumannii strains, MLST was performed as described previously [18] . Seven housekeeping genes-citrate synthase (gltA), DNA gyrase subunit B (gyrB), glucose dehydrogenase B (gdhB), homologous recombination factor (recA), 60 kDa chaperonin (cpn60), glucose-6-phosphate isomerase (gpi) and RNA polymerase 70 factor (rpoD) -were amplified and sequenced. MLST sequences were uploaded to the A. baumannii MLST database (http:// pubmlst.org/abaumannii/) to determine the alleles and STs.
Determination of MICs
To test the disinfectant resistance phenotype, the MIC of the strains was determined by the broth microdilution method as recommended by the Clinical and Laboratory Standards Institute [19] . Briefly, the standard bacterial concentration of McFarland standard 0.5 was used (1.5Â10 8 c.f.u. ml À1 ) [20, 21] . The 0.5 McFarland inoculum suspensions were further diluted at 1 : 100 in LB before inoculation. Briefly, 50 µl of bacterial suspension was added from wells 1 to 12 in a 96-well plate, followed with 50 µl BC (Ekear Biotech) or CLX (Macklin Biochemical) ranging from 0.125 to 1024 µg l À1 [20, 22] . The plates were incubated at 37 C overnight. The lowest concentration of the disinfectant preventing growth was considered to be the MIC. Escherichia coli ATCC 2393 was used as the quality control strain.
PCR amplification
The PCR method was performed to investigate the qac and bla genes among strains. The primers used for PCR were based on sequences from GenBank. All 51 strains were screened for genes qacA/B, qacC/D, qacE, qacDE1, qacG, qacJ, bla CTX-M , bla SHV , bla TEM , bla VIM , bla GIM , bla OXA-23 , bla NDM and bla IMP by PCR using specific primers (Table 1) . Each 20 PCR tube contained 1.5 µl DNA template, 6.5 µl sterile water, 1 µl forward primer (Sangon Biotech), 1 µl reverse primer and 10 µl 2Â Taq Master Mix (Vazyme Biotech). The PCR conditions was set as follows: 94 C for 5 min, followed by 30 cycles of 94 C for 30 s for denaturation, 53 C for 30 s for annealing and 72 C for 50 s for extension. Finally, the PCR products were incubated at 72 C for 10 min. Amplified PCR products were analysed on 1 % agarose gel stained with Gelview (BioTeke) by electrophoresis, and visualized under UV light. Amplicons were sequenced by Shanghai Sangon Bioengineering using an ABI 3730 sequencer (Applied Biosystems) with the same primers as used for PCR amplification. 
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RESULTS

MLST and MIC
The results of MLST for the 51 isolates identified strains ST92 (21/51), ST75 (15/51), ST381 (9/51), ST138 (4/51) and ST90 (2/51). The MIC results for each isolate are shown in Table 2 . Generally, all isolates tested showed reduced susceptibility to BC and CLX compared with the reference strains. The distribution of MIC values for BC and CLX ranged from 4 to 64 µg l
À1
.
Presence of qac and bla genes Regardinghe qac genes among the 51 strains, 96.07 % (49/ 51) of the strains harboured the qacDE1 gene, 31.37 % (16/ 51) harboured the qacE gene, 23.52 % (12/51) harboured the qacG gene and 13.72 % (7/51) harboured the qacA/B gene, while qacC/D and qacJ were not detected in those strains (Table 2) . Regarding the bla genes, the most widespread as bla OXA-23 , which was found in 84.31 % (43/51) of the isolates, followed by bla TEM in 33.33 % (17/51), bla-VIM in 27.45 % (14/51), bla SHV in 19.61 % (10/51), bla NDM in 17.65 % (9/51), bla GIM in 11.76 % (6/51) and bla IMP in 7.8 % (4/51), while bla CTX-M was not found in any of the strains.
DISCUSSION
The prevalence of carbapenem-resistant A. baumannii in hospitals has led to heightened concerns about the threat of nosocomial infection, especially hospital outbreaks of highly antibiotic-resistant strain clones [23] . In this study, we identified endemic strains ST92 (21/51), ST75 (15/51), ST381 (9/51), ST138 (4/51) and ST90(2/51), indicating that we should control and prevent spread of clones in this environment. We know that CLX and BC are frequently used in hospitals, and the incorrect and excessive use of such disinfectants has imposed selective pressure on strains, resulting in the high level of resistance to disinfectants and the wide distribution of resistant genes [7] .
In this study, the MIC values of BC and CLX were tested for carbapenem-resistant A. baumannii, and were found to be 4 to 64 µg l À1 . Zmantar et al. [24] considered BC MICs between 16 and 32 µg l À1 as highly resistant, between 4 and 8 µg l À1 as resistant and 2 µg l À1 as sensitive24. Our results showed that the MIC values of the Gram-negative bacteria were higher than for the Gram-positive bacteria. Furi et al. [25] concluded in their study that there was a fourfold increase in MIC values of BC due to the presence of the plasmid-encoded pumps QacA and QacB, and a twofold increase due to QacC and QacG. In our study, strains harbouring qacE displayed a higher MIC (64 µg l À1 ) for BC, and this result corresponds to the study of Babaei et al. 20] 25. However, the presence or absence of qacED1 genes has no significant impact on the MIC values of BC, and this result is in accordance with a study conducted using E. coli [10, 20] . In the present study, the most widespread qac gene was qacDE1, with an incidence of 96.07 % (49/51), followed by qacE at 31.37 % (16/51), qacG at 23.52 % (12/51) and qacA/B at 13.72 % (7/51), while qacC/D and qacJ were not detected in any of those strains. Similar findings were reported by Mahzounieh et al. [26] , who found that 40 % of A. baumannii had the qacE gene and 80 % had the qacDE1 gene. Babaei et al. [20] reported an incidence of 72.95 % (89/122) the qacE gene in A. baumannii20. In the present study, we found that almost all of strains containing qacE were also positive for qacDE1, and this finding corresponds to those reported by Kazama et al. [27] .
In this study, the frequency of bla genes was as follows: 84.31 % (43/51) for bla OXA-23 , 33.33 % (17/51) for bla TEM , 27.45 % (14/51) for bla VIM , 19.61 % (10/51) for bla SHV , 17.65 % (9/51) for bla NDM , 11.76 % (6/51) for bla GIM and 7.8 % (4/51) for bla IMP , while the bla CTX-M genes were negative in all strains. Our results also showed that bla OXA-23 is the predominant carbapenem-resistant gene [28] .
In conclusion, this study demonstrated that carbapenemresistant strains have a high frequency of qac genes, as well as markedly reduced susceptibility to BC and CLX. Therefore, using BC and CLX to prevent and control nosocomial infections may not be as efficient as expected and may cause selective pressure for A. baumannii strains. 
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